Before the data was analyzed, it was the intention of this paper to prove that that despite being recognized as "prestige" hospitals that are typically given the highest quality ratings, large, urban teaching hospitals that see the most patients and offer the most extensive services would be the ones with the highest rates of hospital-acquired infections.
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Introduction
Hospital-Acquired Infections are of serious concern to health policy professionals, lawmakers, hospital administrators, and insurance providers as they represent a substantial cost to providers and payers and are a leading cause of death in the United States. A hospital-acquired infection (HAI) or healthcare-associated infection is defined as an infection that patients acquire while in a hospital setting during treatment for another condition. In American hospitals alone, the CDC estimates that HAIs account for an estimated 1.7 million infections and 99,000 associated deaths each year. In order to investigate this issue further, first I will conduct a review of the relevant literature on this subject, then I will specify a conceptual framework and regression model, and finally I will analyze the data results and present the policy implications of the findings. While these numbers are hard to ignore, PHC4 makes note of the fact that the degree to which the presence of hospital-acquired infections influenced these numbers is unknown. The report also makes mention of the confounding reality that a low number of HAIs reported by a hospital does not necessarily mean that they are doing a good job of controlling their infections, but instead could merely indicate that they do a poor job of reporting them. Further, hospitals also face a monetary disincentive to report HAIs as they now lose Medicare reimbursement for procedures required as a result of HAIs.
Literature Review
According to PHC4, the disease types that most often lead to HAIs are urinary tract infections, pneumonia, bloodstream infections and surgical site infections.
The findings that motivated my research into hospitals characteristics' potential impact on the rate of HAIs was the incidence rate across the peer groups. According to the PHC4 report, the average rate of infection per 1,000 cases across all hospitals was 19.2.
For hospitals in peer group one, that figure was 22.8, for group two it was 18.1, for group three it was 16.7, and for group four it was 8.5. This report provides ample evidence that reimbursement for infection does not cover the cost of the required additional care.
One element of HAI's that is not written on frequently is the opportunity cost of forgone additional patient care capacity. This paper references one 1985 study that contends that HAIs add a total of 7.5 million excess patient days nationwide. This report estimates that there were 98,987 deaths associated with HAI's in 2002, and of these 35,000 were from pneumonia, 30,000 were from bloodstream infections, 13,000 were from urinary tract infections, and 8,000 were from surgical site infections. The infection rate was highest among ICU's, followed by high-risk nurseries and by well-baby nurseries.
A 1991 report by Kuhn, Hartz, et al seeks to determine which characteristics of hospitals are related to higher quality of care. Hospital characteristics evaluated included: financial status, ownership, medical training, technological sophistication, and size.
Public hospitals were found to have significantly lower proportions of boardcertified specialists and registered nurses and had higher payroll expenses per bed than private not-for-profit hospitals. The following characteristics were associated with lower confirmed problem rates: high occupancy rates, greater payroll expenses per bed, high proportions of physicians who are board certified specialists, high proportion of nurses who are registered, greater technological sophistication, a high number of beds, and membership in the Council of Teaching Hospitals. Of these, higher payroll expenses per bed and a high proportion of board certified specialists were significantly associated with lower problem rates in all regressions.
Conceptual Framework and Hypothesis
Compiling data from several reports, the purpose of this paper will be to analyze whether the type of services offered in the 165 hospitals in Pennsylvania affects the rate of Hospital-Acquired Infection. While I am interested in other hospitals characteristics' effect on the rate of HAI (such as staffing capacities, hospital volumes, and staff expertise), the bulk of the literature on this subject indicates a correlation between several disease-related services offerings and the incidence of HAI, so I will be primarily interested in the effects of hospital services offered as the independent variables of interest and will use the other data as control variables. 
Hypothesis
It is my contention that the more comprehensive suite of clinical services that a hospital offers, the greater their incidence of hospital-acquired infections will be. The majority of the literature on this subject has focused on adherence to prevention protocols, disease group association with hospital-acquired infection, and the overall fiscal and human cost of HAI's. Because of that, there is a paucity of research available that compares HAI incidence rates across hospitals. However, the most extensive report thus far conducted, Hospital-Acquired Infections in Pennsylvania by the Pennsylvania Health Care Cost Containment Council, does compare the prevalence of HAI's across broad hospital categories. Their findings indicate that hospitals that provide more complex services, see more patients, and have more surgeries, experience greater rates of HAI's than hospitals that offer fewer services to fewer patients. This is the type of result that I expect to find after I run the regressions on the data.
Data and Methods
In order to analyze whether different hospital characteristics impact the incidences of hospital-acquired infection (HAI) I will be looking at data from three sources: 
Limitations
After I combine the data sets I still will lack an accurate measure of staff expertise at the hospitals in question, which I believe to be correlated with the incidence of hospital-acquired infections. I also feel that the data is limited in that it does not accurately measure the patient population the each hospital serves. While I have a measure for this in terms of Medicare-case mix, it still feels as though a more complete measure of the patient mix would make the data set more robust. Incidence of Hospital-Acquired Infection -The total number of HAIs. HospitalAcquired Infections are infections that a patient obtains during hospitalization for another symptom.
Analysis
Independent Variables:
Number of cases -This is the total number of inpatients for each hospital in Pennsylvania.
Mortalities -This is the number of deaths per hospital in 2006.
Average Length of Stay -This is a measure, in days, of the average duration of a patients stay in a hospital.
Average Charge -This too provides some measure of the types of services being conducted in each hospital, as more complex and invasive procedures generally come at a higher cost.
Number of staffed Beds -It means the number of beds available for use by patients at the end of the cost reporting period. A bed means an adult bed, pediatric bed, birthing room, or newborn bed maintained in a patient care area for lodging patients in acute, long term, or domiciliary areas of the hospital.
Patient Days -This is the total number of days spent in the hospital for all inpatients.
Total Patient Revenue -This is the total revenue collected by the hospital in 2006.
Type of Control -Whether the hospital is owned privately and run for profit or whether it is a nonprofit entity.
Presence of a Long-Term Care
Facility -This is a binary variable that simply indicates whether a hospital also operates a long-term care facility.
Number of Well Infant
Bassinets -This is the number of bassinets a hospital has for not-at risk infants. 
Teaching Hospital vs. Non-teaching Hospital
Regression Model
The following regression model is the primary model used in this research study:
ln (number of hospital-acquired infections) = ß0 + ß1 ln (number of staffed hospital beds) + ß2 ln (total patient revenue) + ß3 (average length of stay) + ß4 (presence of a long-term care facility) + ß5 (number of well infant bassinets) + ß6 (teaching hospital status) + ß7 (presence of a cardiac surgery unit) + ß8 (presence of a transplant unit) + ß9 (presence of a spinal surgery unit) + ß10 (medicare case mix index) + µ
The graph below depicts the basic relationship between the dependent variable and the independent variables in the regression model. 
Data Results
The final regression model used for the analysis in this paper does not include all of the independent variables that were originally collected. Due to multicollinearity issues, several of the original variables had to be dropped from the model in order to obtain significant results. Multicollinearity occurs when two or more of the independent variables in a model are highly correlated. Many of the variables, that were included in the original analysis plan, appeared to be highly correlated after the initial regression (with all independent variables included) was run. As such, the control variables such as number of cases, mortalities, average charge, and patient days were dropped from the model. Similarly, explanatory variables for the type of control of the hospital, the presence of a long-term care facility, presence of a surgical intensive care unit, and presence of a neo-natal intensive care unit were removed from the model.
While the removal of some of these variables dues to multicollinearity makes implicit sense, others are more puzzling. For instance, the fact that the number of cases was highly correlated with other independent variables like mortalities and patient revenues is unsurprising, as one would intuit that as the number of patients in a hospital increases or decreases, so too would the number of mortalities and the overall revenues.
Other variables exhibiting high degrees of multicollinearity was more unexpected, for instance, the fact that surgical intensive care units and neonatal intensive care units were more problematic than cardiac and spinal surgery units was surprising.
Another adjustment that was made to the regression model was that the dependent variable was also logged. This was done for two reasons, one was that the data were positively skewed due to a few large outlier hospitals that had HAI totals far exceeding the median number as exhibited in figure 3 , and that the total number of HAIs is not really what is of interest. The mean number of HAIs for the hospitals in this sample was 182; however, several hospitals had HAI incidences at more than six times that number. 
Individual Hospitals
Number of HAIs
It stands to reason that the total number of HAIs will on average be larger for larger hospitals that see more patients. Knowing this information would not necessarily tell us anything about individual hospital performance with regard to infection prevention. To get a useful measure of HAI it is necessary to take the number of HAIs out of the total number of cases, in other words the percent of cases with an HAI. Logging our total HAI variable achieves this aim.
The regression model exhibits differing results regarding the relationship of the selected hospital characteristics to the incidence of hospital-acquired infection. As expected, the control variables all exhibited a positive, statistically significant effect on the incidence of HAIs. The number of staffed beds had a coefficient of 0.44178 and was statistically significant at the .05 level. This means that for every 1% change in the number of beds in a hospital, the incidence of hospital-acquired infection increases by 0.44%. Or put another way, a 10% increase in the number of staffed beds a hospital has would increase the incidence of hospital-acquired infection by nearly 4.5% The fact that the number of beds is directly proportional to a higher incidence of HAIs is not surprising, as one would naturally assume that the greater number of patients that a hospital treats, the higher its number of HAIs. However, by logging the variables we can observe that by increasing the number of staffed beds a hospital has, this also increases the percentage of cases that will have an HAI. Controlling for this reality allows us to get a more accurate measure of the individual effects of the explanatory variables.
Total patient revenue was also logged in this model, and exhibited a positive, statistically significant effect on the incidence of HAIs. The coefficient for total patient revenue was 0.74105, meaning that for every 1% increase in total patient revenue, the incidence of hospital-acquired infection increases by 0.74%. This result is consistent with the hypothetical assumptions made at the beginning of the paper. Large, urban teaching hospitals that are able to provide the most varied and complex types of procedures to patients are also the ones that see the highest patient volumes, and thus bring in the most revenue. Since complex and invasive procedures are normally associated with higher rates of infection, it is not surprising that the hospitals that can provide these expensive procedures are the ones that incur higher incidences of HAI.
The effect of total patient revenue is considerably larger than number of staffed beds, and is significant at the .01 level.
The last of the control variables in the model, average length of stay, also demonstrates a statistically significant positive effect on the incidence of HAIs. This comports with the theoretical assumptions made in this paper before the regressions were run, as one could rationally assume that the longer a patient is in a hospital, the more susceptible they are to contracting an infection. Thus, hospitals with longer average patient stays should see higher rates of infection. Indeed, this was the case as the coefficient on average length of stay was 0.30992, meaning that for every 1% increase in the average length of stay at a hospital, the rate of hospital-acquired infection increases by 0.31%.
While the control variables in the model meshed with our previous expectations, the same cannot be said for the explanatory variables that were left in the model. The explanatory variables that were included in the model all represent hospital characteristics that were thought to increase the incidence of HAIs, however, with the exception of one (presence of a spinal surgery unit) they all contributed to a decrease in the incidence of HAIs.
Three variables whose effects on the incidence of HAIs were postulated to be positive did not obtain statistically significant results. The first, presence of a long term care unit, was a dummy variable. This means that the variable took the value of either a one, to indicate the presence of a long-term care unit, or a zero, to indicate the lack of a long-term care unit. Long-term care units are typically associated with high rates of hospital-acquired infections as the patients that are being treated within them are often elderly and infirmed, and are highly susceptible to infection due to weakened immune systems. The second, number of well infant bassinets, was a continuous variable that measured the number of basinets a hospital has for not-at-risk infants. While not requiring the use of neo-natal care units, well-infants are still among the highest risk patient populations to acquire new infections due to their precariously weak immune systems. The third, Medicare Case-mix Index, is a measure of the relative severity of a patient population for a hospital. It was theorized at the outset of this analysis that high Medicare Case-mix levels would be positively correlated with increased incidences of HAIs, as hospitals treating patients with more serious conditions that require more severe procedures would naturally be more prone to high rates of infection. The inability to collect statistically significant results for these three variables could be the result of an inadequate sample size, omitted variable bias, or multicollinearity that persists in the regression model despite the removal of problematic variables.
The first explanatory variable that registered a statistically significant result was teaching hospital status. This too was a dummy variable simply indicating whether the hospital in question was certified as a teaching hospital or not. While only representing 6% of all hospitals, teaching hospitals are thought to be positively correlated with higher rates of HAI as they perform some of the most invasive procedures, and treat some of the sickest patients. 
Policy Recommendations and Conclusion
The results obtained in this regression analysis suggest that large, teaching hospitals with high patient volumes and large annual revenues contain services and programs that decrease the incidence of hospital-acquired infections. The explanation for this could be that these hospitals, despite offering more invasive and dangerous procedures and serving patients with higher susceptibility to infection, have more financial and human resources to dedicate to infection prevention programs. Perhaps these teaching hospitals that have transplant, cardiac and spinal surgery units perform better in infection prevention precisely because they are at a greater risk due to the suite of services that they offer. The conspicuous need to have clearly defined prevention protocols might be more pressing at teaching hospitals and thus effective prevention techniques are more widely publicized and adhered to than at hospitals where the risk of infection isn't as apparent. According to the World Health Organization's Department of Communicable Disease, the most common HAIs are surgical site infections, urinary tract infections, lower respiratory tract infections, and skin and soft tissue infections. 4 While these patients are certainly more immunocompromised at hospitals that provide intensive surgical procedures and house severely ill infant and elderly patients, these infections can still occur during a hospital stay for a relatively innocuous condition. Perhaps a conclusion that can be drawn is that precisely because large teaching hospitals pose a greater risk of spreading infection, they have developed effective prevention protocols hem perform better on a percentage basis than smaller hospitals that don't offer the services typically linked to high rates of hospital-acquired infections.
HAI rates could potentially be reduced if smaller, rural hospitals would begin efforts to implement some of the prevention measures that teaching hospitals have been forced to undergo. These measures include improved infection surveillance via health information technology, monitoring antimicrobial resistance, and publicizing and requiring simple but effective prevention measures such as hand sterilization, improved ventilation, use of hot or super heated water, and preventing and monitoring infection of hospital staff.
However, it must be noted that the results of this study might be difficult to extrapolate to a wider population as the data suffers from some limitations. The sample size involved in this analysis is limited in size, however at the time; Pennsylvania was the only state with comprehensive information regarding HAIs in all of its hospitals. While the 165 hospitals might make for a decent sample population, for some of the characteristic subpopulations like presence of transplant units or presence of cardiac or spinal surgery units, the numbers become quite small and thus the findings based on them may be biased.
Similarly, this sample likely suffers from considerable omitted variable bias as not every variable that likely affects the incidence of HAIs was controlled for. This regression model lacked measures to control for the type of condition patients were being treated for, lacked measures to demonstrate the socio-economic conditions of the surrounding area in which hospitals operate, and failed to control for the relative competency of the hospital staff. The absence of controls for these variables likely biases the coefficients of the independent variables that are included in the model. Another limitation to this model is that despite the fact that several variables were omitted from the final regression model due to high levels of correlation with other independent variables, a high degree of multicollinearity still likely exists within this sample.
In summation, while the results of the regression analysis ran counter to this papers theoretical assumptions and contend that high priced, invasive surgical procedures typical of large, urban teaching hospitals act to lower the incidence of hospital-acquired infection (likely as a result of increased prevention protocols in order to combat this conspicuous problem), limitations in the data make these findings difficult to generalize to the broader hospital population.
